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(57) ABSTRACT 

A multiple access communications system includes a com- 
munications unit, such as satellite or a mobile link base 
station, and an antenna disposed thereon. The antenna has 
the capability to direct an antenna beam at a selected user on 
a packet by packet basis thereby reducing the latency, 
buffering, and non-uniform gain distribution associated with 
conventional transmission systems. 
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APPARATUS AND METHOD FOR As a result, certain users within a cell are disadvantaged; 

REDUCING LATENCY AND BUFFERING particularly those users at the very edge of the cell where 

ASSOCIATED WITH MULTIPLE ACCESS %*in is low or the antenna beam may not have optimal 

COMMUNICATIONS SYSTEMS pointing. 

5 Based on techniques known in the art for multiple access 
communications systems, a communications system that 

BACKGROUND OF THE INVENTION reduces the effects of latency and buffering and optimizes 

the signal gain for ground users is highly desirable. 

1. Field of the Invention 

Ihc present invention relates generally to satellite-based 10 SUMMARY OF THE INVENTION 

communications systems and, more specifically to such a It is an aspect of the present invention to provide a 

system that includes an apparatus and method for reducing communications system that includes a unit that includes an 

latency and buffering associated with multiple access com- antenna disposed on the unit where the antenna has a 

munication. transmitter and a means for radiating radio frequency (RF) 

2. Description of the Prior Art 15 energy along a beam in a plurality of beam coverage areas 
Conventional satellite-based communication systems over a predetermined region of the earth. Each beam has a 

maintain an orbit above the earth and contain at least one P eak wherein the power of the beam is strongest at the peak 

antenna that provides coverage to an area on the earth's and me P eak illuminates an area defined by a radius having 

surface by producing a series of beams that divide the a predetermined length. The communications system 

antenna's coverage area into a pattern of contiguous circular , n includes a selected user having a terminal station for receiv- 

regions or cells. Operationally, an antenna beam is pointed m S an W signal containing packet datum, wherein the 

to each cell in a fixed sequential pattern to nominally cover terminal station communicates selected user location datum 

a cellular region where there are multiple users (receivers) t0 said unit and receives packet datum from said unit. The 

distributed within the cell. Several disadvantages are inher- communications system further receives, within the unit, an 

ent in the conventional system described, the most signifi- RF si &** 1 containing packet datum and transmits the packet 

cant being, latency, buffering, and non-uniform gain distri- 25 datum t0 a selected user, whereby the antenna beam peak is 

bution J pointed directly at the selected user. Alternatively, the com- 

In conventional systems where time division multiple ™nications system may comprise a plurality of transmitters 

access (TDMA) downlinks are used with a time framing ? here * e *™™«« simultaneously transmit and are coor- 

structure, excess buffering and undesired latency may result * m «* 0 decrease c0 "f anncl interference. 

The latency and buffering are necessary because these 30 II 15 also an 9S P Gct of the P resent invention to provide a 

systems must store continuous or packetized communica- method for producing a communications system. The 

' tions in a flexible buffer awaiting the arrival of a correct time method comprises the steps of providing a unit located at a 

slot when the data will be burst communicated to a receiver. predetermined location and including an antenna disposed 

Specifically, the satellite beam cycles through the cells on 00 the satellite, the antenna having a transmitter and radi- 

the ground in a fixed sequence and each user's data is stored 35 atul g radl ° frequency (RF) energy along a beam in plurality 

in the frame buffer until the satellite beam points to their cell of ^am coverage regions over a predetermined region of the 

position. For example, in a satellite system servicing cells eart h- Providing a beam having a peak wherein the power of 

numbered one through six, the satellite sequentially passes the beam 15 strongest at the peak, the peak has a radius of 

a beam through each of the six cells until all the cells have predetermined length emanating from a focus of the beam 

been serviced after which the service pattern is repeated. 40 coverage area. Providing a selected user having a terminal 

Latency and buffering may be particularly evidenced where, station, wherein the terminal station communicates location 

for illustration, ceil five has just been serviced, the beam datum t0 the unit and receives packet datum from the unit, 

moves to service cell six and a packet arrives for a user in Receiving at the unit, a RF signal containing packet datum 

cell five. The cell five data must be buffered until the satellite and transmitting, from the unit, a RF signal containing 

completes the service of cell six and cells one through four. je P acke f datu ™ to lh . e selected user, whereby the antenna beam 

, ., . 4 « * • t o <li * 45 peak is pointed directly at the selected user. 

Likewise, the desire to flexibly support a maximum v v J 

number of users within a frame period (i.e. a high number of BRIEF DESCRIPTION OF THE DRAWINGS 

multiple access slots) and a long period for each slot must be _ , . _ „ . . . 

balanced against a short frame length. Specifically, because * D0W l ° ioUo ™* descn Pt">n and 

a frame length time period defines the worst case latency, the e attached drawu5 gs, wherein: 

frame length must be kept short so as to minimize this 50 F *G. la illustrates a satellite based multiple access corn- 
latency. In systems where no balance is made between frame munications system according to the present invention; 
length and latency, the communications overhead associated FIG. lb illustrates a blown up view of the satellite based 
with slot transition boundaries and the hardware complexity multiple access communications system shown in FIG. la; 
associated with the slot transition rate is not minimized. FIG. 2 illustrates, in block diagram form, a packet switch, 
Additionally, the fixed characteristics of a frame based 55 processor and antenna carrying out the primary functions of 
TDMA structure may create constraints on any supported a single transmitter communications system in accordance 
distributions of multiple access capacity. For example, a with the present invention; 

fixed TDMA framing structure may require excessive FIG. 3 illustrates, in block diagram form, a packet switch, 

re-slotting of individual receivers where there is a high level processor and antenna carrying out the primary functions of 

of unpredictability in the number or receivers serviced. 60 a multiple simultaneous transmitter communications system 

Excessive re-slotting of individual users may also be in accordance with the present invention; 

required where there is data rate variation across a set of FIG. 4a illustrates a user communicating fixed ground 

receivers, a temporal variation in the data rate per receiver, location data to a communications satellite in accordance 

or unpredictability in the geographical distribution of com- with the present invention; 

munications density. 65 FIG. 4b illustrates a user and network control center 

Finally, in conventional systems, there may be a substan- communicating mobile ground location data to a commu- 

tial amount of gain variation or signal variation over a cell. nications satellite in accordance with the present invention; 
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FIG. 5 illustrates a beam peak area in accordance with the 
present invention; 

FIG. 6a illustrates in block diagram form, a packet switch, 
processor, and antenna carrying out the primary functions of 
a single transmitter communications system in accordance 5 
with an alternate embodiment of the present invention; and 

FIG. 6b illustrates a user communicating mobile ground 
location data to a mobile base station in accordance with the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Briefly, the present invention relates to a multiple access 
communications system and a method for producing the 
same where transmission downlink latency, buffering and 15 
non-uniform gain distribution are mitigated by a "point and 
shoot" communications data transmission. 

The present invention discloses a multiple access com- 
munications system where a "point and shoot" transmission 
method is used in a single or multiple simultaneous trans- 20 
mitter system. The "point and shoot" transmission method is 
described generally where a single user within a satellite 
coverage area receives the downlink signal of a particular 
antenna beam for a particular data quanta interval by point- 
ing the antenna beam directly at the user. The beam hops 2 $ 
from user to user servicing all of the satellite coverage area. 
Those of ordinary skill in the art should understand that the 
principles of the present invention are applicable to many 
types of communications systems. However, as previously 
mentioned, the present invention relates specifically to a 
satellite-based system and, more particularly, to a multiple 
access satellite-based system. 

As generally illustrated in FIG. la, the multiple access 
satellite-based system 5 of present invention includes a 
satellite 10 located in space over the earth and an antenna 12 
disposed on the satellite 10. The antenna 12 radiates radio 35 
frequency (RF) energy along a beam 14 in a plurality of 
locations over a predetermined coverage region 18 of the 
earth. Referring to FIG. lb, the satellite 10 receives com- 
munications datum (packet datum) on an uplink 24 and 
transmits packet datum on a downlink 26 to selected users 40 
28 by pointing a peak 16 of the beam 14 directly at a selected 
user 22. For the purposes of the preferred embodiment, the 
antenna 12 is a phased -array antenna. However, the antenna 
12 may alternatively be a multi-beam or similar antenna 
having the capability to radiate multiple beams. It is also 45 
important to note that the satellite system 5 may be a 
geostationary earth orbiting (GEO), a medium earth orbiting 
(MEO), or a low earth orbiting (LEO) system. 

Specifically, and as illustrated in FIG. 2, the satellite 10 
contains a packet switch 30, that is receiving data from 50 
potentially multiple resources that communicate to the sat- 
ellite 10 via the uplink 24 or via a crosslink 25 from another 
satellite (not shown). The packet switch 30 reads a packet 
header 44 and routes the packet data 38 to the downlink 
antenna 12 disposed on the satellite 10. The packet header 44 
may contain information such as user destination (packet 
destination) 40 and transmission priority data 42 that are 
later used by the downlink antenna 12 to transmit the packet 
datum 38 to a selected user 52. 

The downlink antenna 12 utilizes a processor 32 and 
transmitter 34. The processor 32 receives user destination 60 
data 40, transmission priority data 42 and packet data 38 
from the packet switch 30. The processor 32 stores the 
packet data 38 to a fixed length transmission buffer 36. The 
packet data 38 stored to the transmission buffer 36 awaits 
transmission and is typically stored on a first-received 65 
first-transmitted basis but may be stored by transmission 
priority. In cases where packet data 38 is stored by trans- 
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mission priority, the processor 32 arbitrates and monitors the 
transmission of the data packet 38 based on packet destina- 
tion and transmission priority so that data packets 38 having 
the highest priority are moved to the front of the transmis- 
sion buffer 36 for earlier transmission. 

In addition to maintaining the transmission buffer 36, the 
processor 32 commands the antenna 12. The antenna 12 has 
a rapid, short duration pointing requirement and has to 
re-point itself frequently on a packet by packet basis. To 
support the rapid pointing requirement the processor 32 
must be able to command the antenna 12 in near real time. 
Specifically, the satellite 10 must be able to transmit a data 
packet 38 destined for a selected ground user 52 in near real 
time and the selected ground user 52 must be able to 
communicate his location to the satellite 10. As illustrated in 
FIG. 4a, a fixed user 52 may preferably determine his 
location once and communicate this information to the 
satellite 10 via his terminal station 51 at service logon. The 
location is then stored and maintained in a table or similar 
structure onboard the satellite 10 until the user 52 is no 
longer within the coverage area of the satellite 10. If the user 
52 is mobile, his position must be communicated periodi- 
cally to the satellite 10. 

Preferably, as illustrated in FIG. 4b, a global positioning 
satellite (GPS) receiver 53 is placed in the mobile ground 
user's 52 terminal station 51. When first logging on to the 
satellite's 10 service, the terminal station 51 communicates 
ground location data received from the global positioning 
satellite 57, to the satellite 10. The satellite 10 authenticates 
the user 52 with a ground network control center (NCC) 55. 
The NCC 55 may maintain a large table of ground user 
location data that is updated as the satellite 10 moves over 
the earth or the user 52 moves along the earth. The NCC 55 
periodically communicates ground user location data to the 
satellite 10 for only those users within the satellite's field of 
view and the satellite 10 stores this information to an 
onboard table. 

Referring to FIG. 2, the satellite processor 32 either via 
hardware or software uses a table lookup or similar proce- 
dure to map a packet user destination 40 to a corresponding 
angle of elevation and azimuth that form a beam pointing 
angle 46. This beam pointing angle 46, broken into its 
composite two dimensions, is the azimuth and elevation 
where the antenna 12 must be mechanically or electrically 
steered to point at a desired point on the earth. The angle of 
elevation (elevation pointing angle) and azimuth of a the 
satellite antenna 12 are computed from the ground user 
location data using well understood, commonly used point- 
ing algorithms. Generally, a satellite maintains a fixed 
orientation with respect to the earth. This process of main- 
taining the fixed orientation is termed "station keeping" and 
may be accomplished by monitoring or tracking the posi- 
tions of various stars, the sun and the limb of the earth. By 
tracking these positions, the satellite 10 may maintain a fixed 
orientation of its body to the earth. Since the satellite 
antenna 12 is a mechanical structure fixed to the satellite 
body, the satellite 10 may compute the beam pointing angle 
46 between the antenna mechanical structure 12 and any 
point on earth. 

At approximately the time the packet data 38 arrives at the 
antenna transmitter 34, the beam pointing angle 46 is 
commanded to the transmitter 34 and an antenna beam 50 is 
formed having a pointing angle 46 which directs the peak 48 
of the antenna beam 50 at a selected user 52. The peak 
direction 48 of the antenna beam 50 is "directed at" the 
selected user 52 when the terminal station 51 of the selected 
user 52 receives the power of the antenna beam 50 that is 
within approximately two-fifths to one-third of 1 dB less 
than the maximum gain of the antenna 12. For example, as 
shown in FIG. 5, the peak direction of a 3 dB beamwidth 
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antenna may be defined by a region 60 that is approximately The transmit antenna 78 utilizes a processor 86 and a 

40% of the beamwidth 62 measured about the focal axis 64 transmitter 88 similar to that shown in FIG. 2. The processor 

of the beam. In conventional systems, a beam dwells within 86 receives user destination data 80, transmission priority 

the predefined area of a cell and users who are located at the data 82 and packet data 76 from the packet switch 70. The 

fringes of the cell do not receive the full power of the beam. processor 86 stores the packet data 76 to a fixed length 

Conversely, by pointing the peak of a beam directly at a user transmission buffer 90. The packet data 76 stored to the 

within a cell, a gain performance of from 3.5 dB to 4.5 dB transmission buffer 90 awaits transmission and is typically 

may be achieved and the satellite power resource require- stored on a first-received first-transmitted basis but may be 

ments may be reduced by more than a factor of two. stored by transmission priority. In cases where packet data 

Referring to FIG. 2, the satellite 10 transmits packets of 76 is stored by transmission priority, the processor 86 

communications data (herein referenced as packet datum) 38 10 arbitrates and monitors the transmission of the data packet 

over an assigned communications channel 54. The carrier based 00 P ackel destination and transmission priority so that 

frequency corresponding to that of the antenna beam 50 is data packets 76 having the highest priority are moved to the 

used to communicate packet datum 38 to a selected user 52. fro f nt °j * e transmission buffer 90 for earlier transmission. 

In order to increase the overall capacity of the communica- In add,t £ n 10 maintaining the transmission buffer 90 the 

, , - A 4 . .* r ui -ii . . processor 86 commands the antenna 78 to re-point itself on 

ions channel 54, the present invention preferably illustrates is \ ^ b ke( basis a usef g4 g° mce the 

the use of a time-based multiple access protocol. ^ ^ hcr itioQ ^ riodicall t0 

Specifically the beam 50 points at the selected user 52 for lhe mobile link base station 6 r Agloba , positioning satellite 

a time period (N time slots) where the user s packet datum rcceiver 92 ^ placed m a mooile ground ^ s 84 termma l 

38 is burst communicated and, after the N time slots, another station 94. The terminal station 94 communicates ground 

beam is formed by the process described above where a 20 location data received from a GPS satellite 57 to the mobile 

newly formed beam is pointed at the next user. It is impor- link base station 68 at login to the base station cellular 

tant to note that other multiple access techniques may be network interface 72 and periodically during the period the 

used to increase the overall channel capacity of the com- user 84 is being serviced. The base station 68 stores this 

munications system. For example, a multiple access protocol ground location information to an internal table, 

that is both time and frequency based may be used. Using methods described in the previous embodiment, at 

Alternatively, and as illustrated in FIG. 3, the antenna 12 25 approximately the time the packet data 76 arrives at the 

may include multiple simultaneous transmitters 34. Con- antenna transmitter 88, a beam pointing angle 98 is deter- 

trasted to the single transmitter system illustrated in FIG. 2, mined. The beam pointing angle 98 is commanded to the 

the processor 32 must arbitrate and control the beams transmitter 88 and an antenna beam 100 is formed corre- 

formed by the multiple transmitters 34 to eliminate s P° ndm S the LP™ m 8 a ?S e that jhrects the peakofthe 

co-channel interference In other words, multiple transmit- 30 antenna beam 100 at a selec ed user 84To provide servic* 

tore ma „ „ rtf u- n . * nA e u™,» n t tu* ' ~ k,L anywhere around the base station 68, the antenna 78 pref- 

ters may not point and snoot at the same beam coverage "V, , . . .... , . . . - . . - r . 

e J r j c_ ujTn. erably has the capability to point over a wide field of view 

area, for the same time and frequency band. The processor , ; ,, n0 \ ^ u-, r 1 u » »• no . 

m i.... A .1 i.* 1 • 1* . (e.g. 360 ). The mobile link base station 68 transmits 

32 arb.lra es and controls mult.ple s.iDultaneous transm.Uers ^ of communications data or packet datum 76 over an 

34 by selectively queuing (based on ange of separation) Signed communications channel 96. n.e carrier frequency 

data packets in each transmitter prior to transmission. 35 f . fa f Q ^ g 

Specifically, the angle of separation between two transmit- i . a ^ « . i . a oa c 

ters is calculated using the formula: communicate packet datum 76 to a selected user 84 prefer- 

& ably usmg any of the multiple access techniques previously 

|Aj-fl x -a y described. It is important to note that the antenna 78 may 

w h ere - also include multiple simultaneous transmitters that are 

lAj=anele of separation (absolute value) - 40 ut ^ ze ^ m tne manner described and illustrated in FIG. 3. 

. t_ • ■ * j ^ illustrated by the embodiments of the present 

a^transmitter, beam pointing angle; and invention, a "point and shoot" multiple access communica- 

ay-transmitters beam pointing angle. t i on system has several advantages. The "point and shoot" 

The angle of separation A s is compared to a predetermined system may flexibly support highly varying communications 

minimum angle of separation and if the angle of separation 45 patterns such as communications density variation across a 

A, is less than the predetermined minimum angle of sepa- satellite footprint or changing density within the footprint 

ration a condition for co-channel interference is satisfied. In over time like that which occurs in low earth orbiting (LEO) 

this case, the processor 32 may reorder packets 38 in one or satellite systems. The flexibility results when the time of 

more queues 36 until a minimum angle of separation is transmission and amount of data transmitted to any user or 

achieved. 50 group °f users are not constrained to a fixed part of a data 

Referring to FIGS. 6a and 6b, in accordance with an frame. Additionally, the disclosed system requires less 

alternate embodiment of the present invention, a terrestrial- resource control between transmitter and receiver to support 

based communications system 66 having a mobile base dynamic data rate variation (i.e. bandwidth demand) since 

station 68 of similar operation as the satellite system 10 in tDe transmitter has the flexibility to unilaterally increase or 

FIG. 2 is shown. The communications system 66 is a mobile „ decrease the number of slots used for a given user. Data 

subscriber forward link system that includes a mobile link transmitted to a single user or group of users may take up the 

base station 68 preferably located on a hilltop, a building entire capacity of a transmitter in one instant, and use none 

top, or a similarly elevated site, as shown in FIG. 6b. The of tne capacity in the next instance, without requiring 

mobile link base station 68 contains a packet switch 70 that resource control between the transmitter and receiver, 

is receiving data from potentially multiple resources that Obviously, many modifications and variations of the 

communicate to the mobile link base station 68 via a cellular 60 present invention are possible in light of the above teach- 

network interface 72. The packet switch 70 reads a packet in gs. Thus, it is to be understood that, within the scope of the 

header 74 and routes the packet data 76 to a transmit antenna appended claims, the invention may be practiced otherwise 

78 located at the base station 68. The packet header 74 may lha ° as specifically described above, 

contain information such as user destination 80 and trans- What is claimed is: 

mission priority data 82 that are later used by the transmit 65 1. A communications system comprising: 

antenna 78 to transmit the packet datum 76 to a selected user a unit including an antenna, said unit having a field of 

84. view and means for radiating radio frequency (RF) 
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energy along a beam having a beam coverage area over 
a predetermined region of the earth, said beam having 
a peak wherein power of said beam is strongest; 

means within said unit for receiving an RF signal con- 
taining packet datum; 

a terminal station, comprising means for communicating 
selected station location datum to said unit and means 
for receiving packet datum from said unit; and 

means within said antenna for orienting said beam power 
peak to point directly at said terminal station; 

wherein said means for communicating selected station 
locating datum comprises 

a receiver within said terminal station having means for 
receiving global positioning data, 

means within said terminal station for transmitting said 
global positioning data to said unit, and 

means for authenticating that a terminal station location 
is within a predefined area, and means for periodi- 
cally transmitting terminal station location datum for 
terminal stations within said unit field of view to said 
unit. 

2. A communications system as recited in claim 1, 
wherein said unit is a satellite located in space over the earth. 

3. A communications system as recited in claim 2, 
wherein said satellite is located in a geostationary orbit. 

4. A communications system as recited in claim 2, 
wherein said satellite is located in a low-earth orbit. 

5. A communications system as recited in claim 2, 
wherein said satellite is located in a medium-earth orbit. 

6. A communications system as recited in claim 1, 
wherein said unit is a terrestrial base station. 

7. A communications system as recited in claim 1, 
wherein said antenna is selected from the group consisting 
of phased array antenna and multi-beam antenna. 

8. A communications system as recited in claim 1, 
wherein said beam power peak is within approximately 
two-fifths to one-third of 1 dB less than the maximum gain 
of said antenna. 

9. A communications system as recited in claim 1, 
wherein said RF signal receiving means further comprises a 
packet switch having a means for routing said packet datum 
to a unit transmitting means. 

10. A communications system as recited in claim 1, 
wherein said RF signal receiving means comprises: 

means for extracting transmission data from said packet 
datum, said transmission data including a station ter- 
minal destination and a transmission priority; 

means for storing said packet datum in a transmitter 
packet buffer according to said destination and trans- 
mission priority; and 

means for monitoring and arbitrating packet transmis- 
sions based on said destination and transmission pri- 
ority. 

11. A communications system comprising: 

a unit including an antenna, said unit having a field of 
view and means for radiating radio frequency (RF) 
energy along a plurality of beams each having a beam 
coverage area over a predetermined region of the earth, 
each said beam having a peak wherein power of said 
beam is strongest; 

means within said unit for receiving an RF signal con- 
taining packet datum; 

a plurality of terminal stations, each terminal station 
comprising means for communicating selected station 
location datum to said unit and means for receiving 
packet datum from said unit; and 

means within said antenna for orienting each said beam 
power peak to point directly at one said terminal 
station; 
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wherein said location datum communicating means com- 
prises 

a receiver within each said terminal station having 

means for receiving global positioning data, 
5 means within each said terminal station for transmitting 

said global positioning data to said unit, 
means for authenticating that a terminal station location 

is within a predefined area, and 
means for periodically transmitting terminal station 

location datum for terminal stations within said unit 

field of view to said unit. 

12. A communications system as recited in claim 11, 
wherein said unit is a satellite located in space over the earth. 

13. A communications system as recited in claim 12, 
wherein said satellite is located in a geostationary orbit. 

is 14. A communications system as recited in claim 12, 
wherein said satellite is located in a low-earth orbit. 

15. A communications system as recited in claim 12, 
wherein said satellite is located in a medium-earth orbit. 

16. A communications system as recited in claim 11, 
wherein said unit is a terrestrial base station. 

17. A communications system as recited in claim 11, 
wherein said antenna is selected from the group consisting 
of phased array antenna and multi-beam antenna. 

18. A communications system as recited in claim 11, 
wherein each said beam power peak received at a terminal 

25 station is no more than approximately 0.4 dB below the 
maximum gain of said antenna. 

19. A communications system as recited in claim 11, 
wherein said RF signal receiving means further comprises a 
packet switch having a means for routing said packet datum 

30 to a unit transmitting means. 

20. A communications system as recited in claim 11, 
wherein said RF signal receiving means comprises: 

means for extracting transmission data from said packet 
datum, said transmission data including a station ter- 
35 minal destination and a transmission priority; 

means for storing said packet datum in a transmitter 
packet buffer according to said destination and trans- 
mission priority; and 
means for monitoring and arbitrating packet transmis- 
40 sions based on said destination and transmission pri- 
ority. 

21. A communications system as recited in claim 11, 
wherein means for radiating radio frequency (RF) energy 
along said plurality of beams further comprises a plurality of 

45 simultaneous transmitters. 

22. A communications system as recited in claim 21, 
wherein said unit further comprises means for coordinating 
said plurality of transmitters to eliminate co-channel inter- 
ference. 

50 23. A communications system as recited in claim 22, 
wherein said transmitter coordinating means comprises: 
means for comparing packet terminal station destinations 
among said transmitters and determining an angle of 
separation wherein a first beam pointing angle is com- 
55 pared to a second beam pointing angle to produce said 
angle of separation; 
means for comparing said angle of separation to a pre- 
determined minimum angle of separation; and 
means for reordering packet datum among transmitters 
60 based on comparison of said angle of separation to said 
predetermined minimum angle of separation. 
24. A method for reducing the latency and buffering in a 
multiple access communications system comprising: 
locating a unit including an antenna at a predetermined 
65 location; 

radiating radio frequency (RF) energy from said antenna 
along a beam having a beam coverage area over a 
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predetermined region of the earth, said beam having a 
peak wherein power of said beam is strongest; 
receiving an RF signal containing packet datum at said 
unit; 

communicating selected location datum from a terminal 5 

station to said unit; 
orienting said beam power peak to point directly at the 

terminal station; and 
transmitting said packet datum to said terminal station 30 

from said unit; 
wherein communicating location datum further comprises 

receiving global positioning data at said selected ter- 
minal station, 

transmitting said global positioning data to said unit, 15 
authenticating that said terminal station is within a 

predefined area, and 
periodically transmitting to said unit, terminal station 
location datum for terminal stations within said unit 
field of view. 20 

25. The method as recited in claim 24, wherein locating 
said unit at said predetermined location comprises locating 
a satellite in space above the earth. 

26. The method as recited in claim 24, wherein locating 
said unit wherein locating said unit at said predetermined 2 s 
location comprises locating a mobile link base station at a 
terrestrial location. 

27. The method as recited in claim 24, wherein orienting 
said beam power peak to point directly at said terminal 
station further comprises orienting said beam such that the 3Q 
beam power received at said terminal station is no more than 
approximately 0.4 dB below the maximum gain of said 
antenna. 

28. The method as recited in claim 24, further comprises 
routing said packet datum to said antenna. 

29. The method as recited in claim 24, wherein receiving 35 
said RF signal containing packet datum comprises: 

extracting transmission data from said packet datum, said 

transmission data including station destination and a 

transmission priority; 
storing said packet datum in a transmitter packet buffer 

according to said destination and transmission priority; 

and 

monitoring and arbitrating packet transmissions based on 
said destination and transmission priority. 45 

30. The method as recited in claim 24, wherein transmit- 
ting packet datum to said terminal station further comprises 
simultaneously transmitting via a plurality of transmitters. 

31. The method as recited in claim 30, wherein transmit- 
ting via said simultaneous transmitters further comprises 5Q 
coordinating said plurality of transmitters to eliminate 
co-channel interference. 

32. The method as recited in claim 31, wherein eliminat- 
ing co-channel interference comprises: 

comparing packet destinations among said transmitters $5 
and determining an angle of separation wherein a first 
beam pointing angle is compared to a second beam 
pointing angle to produce an angle of separation; 

comparing said angle of separation to a predetermined 
minimum angle of separation; and 



40 



reordering packet datum among transmitters based on 
comparison of said angle of separation to said prede- 
termined minimum angle of separation. 

33. A communications system comprising: 

a unit including an antenna, said unit having a field of 
view and means for radiating radio frequency (RF) 
energy along a beam having a beam coverage area over 
a predetermined region of the earth, said beam having 
a peak wherein power of said beam is strongest; 

means within said unit for receiving an RF signal con- 
taining packet datum; 

a terminal station, comprising means for communicating 
selected station location datum to said unit and means 
for receiving packet datum from said unit; and 

means within said antenna for orienting said beam power 
peak to point directly at said terminal station; 

wherein said location datum communicating means com- 
prises 

a receiver within said terminal station having means for 

receiving global positioning data, 
means within said terminal station for transmitting said 

global positioning data to said unit, 
means for authenticating that a terminal station location 

is within a predefined area, and 
means for periodically transmitting terminal station 

location datum for terminal stations within said unit 

field of view to said unit. 

34. A communications system as recited in claim 33, 
wherein said unit is a satellite located in space over the earth. 

35. A communications system as recited in claim 34, 
wherein said satellite is located in a geostationary orbit. 

36. A communications system as recited in claim 34, 
wherein said satellite is located in a low-earth orbit. 

37. A communications system as recited in claim 34, 
wherein said satellite is located in a medium-earth orbit. 

38. A communications system as recited in claim 33, 
wherein said unit is a terrestrial base station. 

39. A communications system as recited in claim 33, 
wherein said antenna is selected from the group consisting 
of phased array antenna and multi-beam antenna. 

40. A communications system as recited in claim 33, 
wherein said beam power peak received at the terminal 
station is no more than approximately 0.4 dB below the 
maximum gain of the antenna. 

41. A communications system as recited in claim 33, 
wherein said RF signal receiving means further comprises a 
packet switch having a means for routing said packet datum 
to a unit transmitting means. 

42. A communications system as recited in claim 33, 
wherein said RF signal receiving means comprises: 

means for extracting transmission data from said packet 
datum, said transmission data including a station ter- 
minal destination and a transmission priority; 

means for storing said packet datum in a transmitter 
packet buffer according to said destination and trans- 
mission priority; and 

means for monitoring and arbitrating packet transmis- 
sions based on said destination and transmission pri- 
ority. 
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